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SI I: Neutron Diffraction Theory
Neutron diffraction is a well-established experimental technique through which the average local structure of hydrogen-containing compounds can be determined. Neutron scattering experiments measure the differential scattering cross-section. Following corrections, the total structure factor, ‫ܨ‬ሺܳሻ, which provides a direct measurement of the structure in reciprocal space, can be extracted. Q is the magnitude of the momentum change vector of the scattered neutrons and is given by:
where ߣ is the wavelength of neutrons incident onto the sample and 2ߠ is the scattering angle. weighted by the respective concentrations, ܿ ఈ and ܿ ఉ , and scattering lengths, ܾ ఈ and ܾ ఉ , of each atom type. The Kronecker delta function, ߜ ఈఉ , is used to avoid double counting. The ܵ ఈఉ ሺܳሻ terms contain information about correlations between the atomic species in ܳ-space, and can be related to the radial distribution functions, ݃ ఈఉ ሺ‫ݎ‬ሻ, via a Fourier transformation:
where ρ is the atomic density of the sample.
The key aim of most structural studies of liquids is to extract ݃ ఈఉ ሺ‫ݎ‬ሻ, the function representing real space correlations between atom pairs as a function of the separation, ‫,ݎ‬ between them. The cumulative coordination number of species ߚ from species ߙ at a distance ‫ݎ‬ is given as ܰ ఈఉ ሺ‫ݎ‬ሻ and can be found using:
To enable the full extraction of interatomic structural correlations, or partial pair distribution functions, a series of diffraction experiments is required. Measurement of several S3 isotopomeric samples varies the contrast of the total structure factor, allowing for multiple diffraction patterns of a specific system to be measured. Hydrogen/deuterium isotopic substitution augmented with neutron diffraction is a powerful probe of local structure, since the largely contrasting neutron scattering lengths delineates the various site-site distributions necessary to describe the local interactions in a liquid.
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SI II: Experimental Methods
Neutron diffraction experiments were performed using the NIMROD instrument at the ISIS spallation neutron source (RAL, STFC, UK) 1 . This diffractometer was purposefully built and optimized for structural study of hydrogen-containing disordered materials. To enable the extraction of intermolecular structure correlations between NMP molecules, data were measured for three samples: Scattering from the empty sample cells, as well as the empty instrument, were collected for data corrections. Data was then normalized, calibrated and put on an absolute scale by comparison with the scattering from 3mm vanadium-niobium plate. Particular attention was paid to correction of inelasticity effects, especially for the samples containing hydrogen. The self-scattering background and inelasticity effects were removed from the total differential scattering cross section using an iterative method developed by Soper 2, 3 .
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SI III: EPSR Modelling
Empirical Potential Structure Refinement (EPSR) was used to build a threedimensional model of liquid NMP that is consistent with the structure factors measured for the three samples: C 4 H 9 NO, C 4 D 9 NO and the 1:1 mixture of C 4 H 9 NO and C 4 D 9 NO. In the first instance, a combination of Lennard-Jones (LJ) and Coulomb potentials were used to build the following reference potential, ܷ ఈఉ ሺ‫ݎ‬ሻ, between atom pairs, α and β, in the molecule, represented by:
where ߝ ఈఉ and ߪ ఈఉ are computed using the classical Lorentz-Berthelot mixing rules for the cross terms, and ߝ is the permittivity of free space.
The EPSR process begins with a standard Monte Carlo simulation, with traditional implementation of periodic boundary condition and the minimum image convention. A smooth truncation is applied to the Lennard-Jones potential energy functions, as detailed by Soper 4 , using a function of the form: Coulomb) potentials. Atom-centred OPLS force-field parameters were used --these are summarized in Table S1 . The labels assigned to atomic sites on the NMP molecule are shown in Figure S2 . Using the seed potentials, standard Metropolis Monte Carlo steps are used to bring the simulation to equilibrium. Once equilibrated, structure refinement is initialized.
During this process, the interatomic site-site potentials are iteratively refined to drive the simulated structure toward agreement with the experimental data. This achieved through modification of an additional empirical potential, based on the difference between measured and simulated structure factors. This allows molecular and electronic information known a priori to be built into the refinement procedure. Once a reasonable agreement is achieved, the simulation is allowed to proceed without further perturbation of the potentials. Ensemble average structural information is then accumulated. 
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SI V: Coordination Numbers
Coordination numbers for the first shell were calculated by integration of the area underneath the RDF's first peak and are also given in Table S2 . 
SI VI: Spatial Density Functions
Since site-site RDF's only give a one-dimensional representation of the liquid, using them to visualize spatial and orientational structure in three dimensions is difficult. constituting the potentially hydrogen bond donating and accepting groups was computed. The data was then converted to a probability function shown in Figure S4 . As expected, angles below 90 degrees are highly sterically constrained due to the presence of the rest of the molecule. For angles ranging between 90 and 180 degrees, there is an almost constant probability and thus there is no indication of a preferred direction which would be expected for a strong hydrogen bond. where ∆n(r, ߠ) is the number of molecules in distance range r+∆r and angle range ߠ + ∆ߠ, ߩ is the molecular number density, the 1/(sin ߠ) factor corrects for the ߠ-dependence of the solid angle as we integrate over the azimuthal angle.
An exemplar coordinate axes reference frame which was used in the NMP ring-centrering-centre angular radial distribution analysis is given in Figure S6 . 
